4) 

Cross Mark 



organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

(1S,2/?,7/?,8S,1 0/?)-9,9-Dibromo- 
2,6,6,1 0-tetramethyl-1 a,2a-epoxytri- 
cyclo[5.5.0.0 8 ' 10 ]dodecane 

Ahmed Benharref, 3 jamal El Karroumi, 3 * Lahcen 
El Ammari, b Mohamed Saadi b and Moha Berraho 3 

a Laboratoire de Chimie des Substances Naturelles, "Unite Associe au CNRST 
(URAC16)", Faculte des Sciences Semlalia, BP 2390 Bd My Abdellah, 40000 
Marrakech, Morocco, and b Laboratoire de Chimie du Solide, Appliquee, Faculte des 
Sciences, Universite Mohammed V-Agdal , Avenue Ibn Battouta, BP 1014, Rabat, 
Morocco 

Correspondence e-mail: berraho@uca.ma 
Received 28 May 2013; accepted 31 May 2013 

Key indicators: single-crystal X-ray study; T = 293 K; mean rr(C-C) = 0.007 A; 
R factor = 0.045; wR factor = 0.108; data-to-parameter ratio = 19.3. 



The title compound, Ci6H 2 4Br 2 0, was synthesized from the 
reaction of /3-himachalene (3,5,5,9-tetramethyl-2,4a,5,6,7,8- 
hexahydro-l//-benzocycloheptene), which was isolated from 
Atlas cedar {Cedrus atlantica) essential oil, after reaction with 
dibromocarbene. The asymmetric unit contains two indepen- 
dent molecules with similar conformations. Each molecule is 
built up from fused six-and seven-membered rings and two 
three-membered rings. In both molecules, the six-membered 
ring has an envelope conformation with the flap provided by 
the C atom of the epoxy ring, whereas the seven-membered 
ring displays a chair conformation. The crystal packing is 
governed only by van der Waals interactions. The absolute 
configuration was established from anomalous dispersion 
effects. 

Related literature 

For background to /3-himachalene, see: Benharref et a/.(2013); 
Oukhrib et al.(2013a,b). For the reactivity of this sesqui- 
terpene and its derivatives, see: El Haib et al. (2011). For 
details of the synthesis, see: El Jamili et al. (2002). For puck- 
ering parameters, see: Cremer & Pople (1975). 




Experimental 

Crystal data 

C 16 H 24 Br 2 0 
M r = 392.17 
Monoclinic, F2j 
a = 8.8056 (13) A 
b = 15.648 (3) A 
c = 12.1390 (16) A 
/3 = 91.769 (10)° 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2009) 
r mi „ = 0.423, r maI = 0.617 

Refinement 

R[F 2 > 2a(F 2 )] = 0.045 

wR(F 2 ) = 0.108 

5 = 0.96 

6776 reflections 

351 parameters 

1 restraint 



V = 1671.8 (4) A 3 
Z = 4 

Mo Ka radiation 
i)L = 4.84 mm 4 
T = 293 K 

0.25 x 0.15 x 0.10 mm 



17250 measured reflections 
6776 independent reflections 
5298 reflections with / > 2a(I) 
R in . = 0.081 



H-atom parameters constrained 
Ap max = 0.71 e A" 3 
Apmin = -0.67 e A~ 3 
Absolute structure: Flack & 

Bernardinelli (2000) 
Flack parameter: 0.009 (10) 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick,2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick,2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 2012); software used to prepare 
material for publication: WinGX publication routines (Farrugia, 
2012). 

The authors thank the Unit of Support for Technical and 
Scientific Research (UATRS, CNRST) for the X-ray 
measurements. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: RZ5070). 
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(1 S,2/?,7/?,8S,1 0/?)-9,9-Dibromo-2,6,6,1 0-tetramethyl-1 a,2a-epoxytricyclo- 
[5.5.0.0 8 ' 10 ]dodecane 

Ahmed Benharref, Jamal El Karroumi, Lahcen El Ammari, Mohamed Saadi and Moha Berraho 
Comment 

As part of the development of the essential oil of Atlas cedar (Cedrus atlantica) made up mainly (50%) of /?-himachalene 
(Benharref et ah, 2013; Oukhrib et ah, 2013a,Z>). The reactivity of this sesquiterpene and its derivatives has been studied 
extensively by our team in order to prepare new products having biological proprieties (El Haib et ah, 2011). We present 
in this paper the crystal structure of the title compound {\S,2R,1R 8S,10i?)-9,9- dibromo-la,2a-epoxy-2,6,6,10-tetra- 
methyltricyclo[5.5.0.0V°]dodecane. The asymmetric unit of the title compound contains two independent molecules of 
similar geometry (Fig. 1). Each molecule contains a fused six- and a seven-membered ring, which are fused to two three- 
membered rings as shown in Fig. 1 . The six-membered ring has an envelope conformation, as indicated by the total 
puckering amplitude QT = 0.622 (6) A and spherical polar angle 6 = 120.37 (5)° with <p = 176.92 (6)°, whereas the seven- 
membered ring displays a chair conformation with QT = 0.626 (5) A, 6 = 22.71 (5)°, <p2 = 149.10 (14)° and <p3 = 
102.01 (6)° (Cremer & Pople, 1975). Owing to the presence of Br atoms, the absolute configuration could be fully 
confirmed, by refining the Flack parameter (Flack & Bernardinelli, 2000) as CI (5), C2(R), C7(R), 8(5) and \0(R). 

Experimental 

A solution containing 2 g (9 mmol) of 6«,7«-epoxyhimachalene ((lS,27?,77?)-2,6,6,9-tetramethylbicyclo[5.4.0.]dec-8-ene) 
(El Jamili et ah, 2002) and 1 ml (10 mmol) of CHBr 3 in 40 ml of dichloromethane was added dropwise at 273 K over 30 
min to 1 g of pulverized sodium hydroxide and 40 mg of N-benzyltriethylammonium chloride placed in a 100 ml three- 
necked flask. After stirring at room temperature for 2 h, the mixture was filtered on celite and concentrated in vacuum. 
The residue obtained was chromatographed on silica gel column impregnated with silver nitrate (10%) with a mixture of 
hexane-ethyl acetate (95:5 v/v) used as eluent. The two diastereoisomers (15,27?,7i?,85,107?)-9,9-dibromo- la,2a-ep- 
oxy-2,6,6,10-tetramethyltricyclo[5.5.0.0 8 , 10 ]dodecane (X) and its isomer (li?,27?,7i?,8i?,105)-9,9-dibromo-la,2a-ep- 
oxy-2,6,6,10-tetramethyltricyclo[5.5.0.0 8 ,'°]dodecane (Y), were obtained by this procedure in a 80/20 ratio and a 
combined yield of 85% (3 g; 7.6 mmol). The title compound (isomer X) was recrystallized from heptane. 

Refinement 

All H atoms were fixed geometrically and treated as riding with C — H = 0.96 A (methyl), 0.97 A (methylene), 0.98 A 
(methine) with £4„(H) = 1.2[/ cq (C) or (/, S „(H) = 1.5C/ eq (C) for methyl H atoms. 

Computing details 

Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT (Bruker, 2009); data reduction: SAINT (Bruker, 2009); 
program(s) used to solve structure: SHELXS97 (Sheldrick,2008); program(s) used to refine structure: SHELXL97 
(Sheldrick,2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software used to prepare material for 
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publication: WinGX publication routines (Farrugia, 2012). 




Figure 1 

The molecular structure of the title compound with displacement ellipsoids drawn at the 30% probability level. H atoms 
are represented as small spheres of arbitrary radii. 

(1 S,2/f,7/f,8S,1 0/?)-9,9-Dibromo-2,6,6,1 0-tetramethyl-1 a,2a-epoxytricyclo[5.5.0.0 8,0 ]dodecane 



Crystal data 

Ci6H24Br20 
M r = 392.17 
Monoclinic, P2\ 
Hall symbol: P 2yb 
a = 8.8056 (13) A 
Z> = 15.648 (3) A 
c= 12.1390 (16) A 



p = 91.769 (10)° 
V= 1671.8 (4) A 3 
Z=4 

7^(000) = 792 

D x = 1.558 MgrrT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 6776 reflections 
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0—17 964° 


DIOCJv, coiumicss 


// — J. 8zl mm ' 


0 9^x01^x010 mm 


J Z,7J IN. 




Data collection 




BrukerAPEXII CCD 


17250 measured reflections 


diffractometer 


6776 independent reflections 


Radiation source: fine-focus sealed tube 


5298 reflections with / > 2a(T) 


Graphite monochromator 


7? int = 0.081 


co and tp scans 


ftnax = 26.4°, Omin = 1.7° 


Absorption correction: multi-scan 


h = -8—11 


(SADABS; Broker, 2009) 


£ = -19— 19 


T mm = 0.423, 7 max = 0.617 


/ = -15— 15 


Refinement 




Refinement on T 72 


Hydrogen site location: inferred from 


Least-squares matrix: full 


neighbouring sites 


> 2o(F)] = 0.045 


H-atom parameters constrained 


vv^F 2 ) = 0.108 


w = l/l^iFo 2 ) + (0.0633P) 2 ] 


5=0.96 


where P = {F 2 + 2F 2 )I?> 


6776 reflections 


(A/a) max = 0.001 


351 parameters 


A/w = 0.71 e A~ 3 


1 restraint 


Ap min = -0.67 e A" 3 


Primary atom site location: structure-invariant 


Absolute structure: Flack & Bernardinelli 


direct methods 


(2000) 


Secondary atom site location: difference Fourier 


Flack parameter: 0.009 (10) 


map 




Special details 




Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance 


matrix. The cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; 


correlations between s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate 


(isotropic) treatment of cell s.u.'s is used for estimatin 


g s.u.'s involving l.s. planes. 


Refinement. Refinement of F 2 against all reflections. The weighted 7?-factor wR and goodness of fit S are based on F 2 , 


conventional i?-factors R are based on F, with F set to zero for negative F 1 . The threshold expression ofF 2 > 2a{F 1 ) is 


used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based 


on F 2 are statistically about twice as large as those based on F, and R- factors based on all data will be even larger. 


Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 


x y 




CI 0.4786 (5) 0.2569(3) 


0.7030 (3) 0.0390 (10) 


02 0.5953 (4) 0.2243 (2) 


0.7806 (2) 0.0430 (8) 


C2 0.5383 (6) 0.1681 (3) 


0.6920(4) 0.0423 (11) 


C3 0.6486 (6) 0.1431 (3) 


0.6069 (4) 0.0487 (12) 


H3A 0.5939 0.1412 


0.5363 0.058* 


H3B 0.6823 0.0853 


0.6233 0.058* 


C4 0.7899 (6) 0.1980(3) 


0.5929 (4) 0.0488 (12) 


H4A 0.8350 0.2091 


0.6654 0.059* 


H4B 0.8628 0.1651 


0.5522 0.059* 


C5 0.7662 (5) 0.2824 (3) 


0.5350 (4) 0.0444 (11) 


H5A 0.7130 0.2712 


0.4653 0.053* 


H5B 0.8654 0.3049 


0.5180 0.053* 
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0.105* 




H32B 


A A O C 

0.0635 


a nnc 1 

0.7951 




1.0437 


A 1 AC sts 

0.105* 






A AQzl^ 


0 71 QA 
W. / 1 VH- 




1 1 9^0 






Brl 


0.21034 (6) 


0.45774 (4) 




0.59468 (5) 


0.05955 (16) 




Br2 


0.21696 (7) 


0.39320 (4) 




0.34957 (4) 


0.06233 (17) 




Br3 


0.08341 (10) 


0.54023 (6) 




1.13196 (5) 


0.0965 (3) 




Br4 


0.03361 (10) 


0.50475 (5) 




0.87765 (6) 


0.0890 (3) 




01 


0.3873 (4) 


0.7654 (2) 




0.7306 (2) 


0.0488 (8) 




Atomic displacement parameters (A 2 ) 




U n u 22 


LP 3 




U 12 


U 13 


U 23 


CI 


0.031 (2) 0.058 (3) 


0.028 (2) 




0.000 (2) 


-0.0064 (18) 


-0.0019(19) 


02 


0.0350(18) 0.062 (2) 


0.0313 (1 


5) 


0.0037 (15) 


-0.0106(13) 


0.0048 (14) 


C2 


0.043 (3) 0.045 (3) 


0.038 (2) 




-0.004 (2) 


-0.008 (2) 


-0.001 (2) 


C3 


0.052 (3) 0.040 (3) 


0.054 (3) 




0.005 (2) 


0.001 (2) 


-0.004 (2) 


C4 


0.037 (3) 0.060 (3) 


0.050 (3) 




0.014 (2) 


0.003 (2) 


-0.007 (2) 


C5 


0.030 (2) 0.066 (3) 


0.037 (2) 




-0.002 (2) 


0.002 (2) 


-0.003 (2) 


C6 


0.031 (2) 0.051 (3) 


0.034 (2) 




-0.003 (2) 


-0.0013 (18) 


-0.0012 (19) 


C7 


0.028 (2) 0.047 (3) 


0.0230(1 


9) 


0.0014(19) 


-0.0013 (16) 


-0.0066 (17) 


C8 


0.030 (2) 0.043 (2) 


0.0243 (] 


9) 


0.0032 (18) 


-0.0046 (17) 


-0.0004(17) 


C9 


0.035 (2) 0.053 (3) 


0.032 (2) 




0.010 (2) 


-0.0056 (18) 


-0.0069 (19) 


CIO 


0.025 (2) 0.052 (3) 


0.035 (2) 




0.000 (2) 


-0.0035 (18) 


-0.003 (2) 


Cll 


0.030 (2) 0.073 (3) 


0.039 (2) 




-0.003 (2) 


0.002 (2) 


0.005 (2) 


C12 


0.036 (3) 0.067 (3) 


0.032 (2) 




0.003 (2) 


0.007 (2) 


0.006 (2) 


C13 


0.069 (4) 0.063 (4) 


0.057 (3) 




-0.013 (3) 


-0.004 (3) 


0.014(3) 


C14 


0.036 (3) 0.061 (3) 


0.049 (3) 




-0.008 (2) 


-0.009 (2) 


-0.006 (2) 


C15 


0.048 (3) 0.056 (3) 


0.057 (3) 




-0.008 (2) 


0.000 (2) 


0.011 (2) 


C16 


0.042 (3) 0.069 (3) 


0.053 (3) 




-0.004 (3) 


-0.004 (2) 


-0.007 (3) 


C17 


0.027 (2) 0.054 (3) 


0.0245 (1 


9) 


-0.002 (2) 


-0.0018 (16) 


0.0048 (18) 


C18 


0.038 (3) 0.051 (3) 


0.050 (3) 




0.009 (2) 


0.003 (2) 


0.007 (2) 


C19 


0.054 (3) 0.046 (3) 


0.068 (3) 




-0.008 (3) 


-0.009 (3) 


-0.010 (2) 


C20 


0.034 (3) 0.067 (3) 


0.048 (3) 




-0.009 (2) 


-0.008 (2) 


-0.010 (2) 



Acta Cryst. (2013). E69, ol037-o1038 



sup-5 



supplementary materials 



CZ1 


U.Ujo (3 ) 


A A£C /"2\ 

U.UOD (3 ) 


U.U3 / (Z) 


A AA/1 /OA 

U.UU4 (Z) 


A AAO" ZO\ 
— U.UU 1 (Z) 


A AA/1 /'OA 

U.UU4 (zj 


Czz 


A AT C /O \ 

U.U35 (3) 


A A/1 1 /"2\ 

U.U41 (3) 


A A/1 1 /1\ 

U.U43 (z) 


A AAC 

U.UUj (z) 


A 11/11 ZO\ 

U.UU3 (Z) 


A A A 1 £ / 1 A\ 

U.UUlo (19) 


CZ3 


A ATI 

U.U3z (z) 


A AT O /O 1 * 

U.UiB (z) 


A AOO" ZO\ 

U.UZ / (z) 


A AAC A / 1 0\ 

— U.UU3U (le) 


A A A 1 C / 1 OA 
— U.UU15 (1 /) 


A AA/1 0/1 T\ 

— U.UU48 (1 /) 


Cz4 


U.U36 (2) 


A A/IO 

U.U49 (3) 


A AOC£ /1 A^ 

U.Uzdo (ly) 


A A 1 1 /OA 

—U.U 11 (z) 


A AAOA /1 OA 

— u.uuzy (is) 


A AAAO /1 OA 

— U.UUUs (Is) 


/~*o c 


A ACO 1 A \ 


A HT7 //I ^ 

U.U / / (4) 


U.U3 / (z) 


n AO"7 /OA 
— U.U3 / (3) 


n AAA /0\ 
U.UUU (Z) 


A AAO 

U.UUz (Z) 


Czo 


A AO O /"3 \ 

U.Uzs (3) 


A AO A //I \ 

U.UoU (4) 


a /o\ 
U.U3Z (z) 


A A] 1 ZO\ 

—U.U 13 (Zj 


A AA 11 / 1 Q\ 
U.UU11 (15) 


A AAT ZO\ 

—U.UU / (Z) 


POT 

Cz / 


A AOO" /"2\ 
U.UZ / (3) 


A 1 A/1 /C\ 

U.1U4 (j) 


A A/1 A /T\ 

U.U49 (3) 


A AAO /0\ 
— U.UU5 (3) 


A AA/1 ZO\ 
— U.UU4 (Z) 


A AA1 /"2\ 
U.UU1 (3) 


Czo 


U.Ujo (3) 


A ATO //I \ 

U.U/B (4) 


A AO /I ZO\ 

U.U34 (z) 


A AA 1 /O \ 
U.UU1 (3) 


A AAA 

— U.UU9 (z) 


A AAC ZO\ 
U.UUD (Z) 


/"■on 
Czy 


A AT") //I A 
U.U /Z (4) 


A ACA /"2\ 

U.UjU (5) 


nil/: /c\ 
U. 1 It) (J ) 


A A 1 £ /0\ 
U.UlO (3 j 


a nno //i"\ 
U.UU3 (4J 


A A 1 O 1 A \ 

U.Ulv (4) 


C3U 


A A/1 A /"5 A 
U.U49 (3) 


U.Uoo (4) 


A AC /I /"5 A 
U.UM (3) 


A A 1 O /O \ 

U.U13 (3) 


A A 1 1 /II 

U.U11 (3) 


A AAA /"3\ 
— U.UU9 (3) 


C31 


A A£C ( A\ 

U.UoD (4) 


A AC/1 ( A\ 

U.U54 (4) 


A AO^ //1\ 

U.Ueo (4) 


A A1 /I /OA 

U.U14 (3) 


A AAO /0\ 

-U.UUz (3) 


A A1 A /"2\ 
U.U1U (3) 


C3z 


U.U3 / (3) 


U.lzl (o) 


A ACO /"3 \ 
U.UDZ (3) 


A AAC /OA 

U.UU:) (3) 


A AA/1 ZO\ 

U.UU4 (z) 


A AO 1 /1\ 

— U.UZl (3) 


Brl 


0.0545 (3) 


0.0613 (3) 


0.0625 (3) 


0.0171 (3) 


-0.0040 (2) 


-0.0144 (3) 


Br2 


0.0657 (4) 


0.0773 (4) 


0.0426 (3) 


0.0070 (3) 


-0.0198 (2) 


0.0090 (3) 


Br3 


0.0981 (6) 


0.1335 (7) 


0.0583 (4) 


-0.0518 (5) 


0.0060 (4) 


0.0353 (4) 


Br4 


0.0915 (5) 


0.0958 (5) 


0.0797 (4) 


-0.0565 (4) 


0.0018 (4) 


-0.0205 (4) 


01 


0.044 (2) 


0.068 (2) 


0.0352 (16) 


-0.0027 (17) 


0.0022 (15) 


0.0158(15) 



Geometric parameters (A, ") 


CI— 02 


1.465 (5) 


C17— 01 


1.450(5) 


CI— C2 


1.493 (7) 


C17— C18 


1.459 (7) 


CI— C12 


1.495 (7) 


CI 7— C28 


1.517(6) 


CI— C7 


1.515 (7) 


CI 7— C23 


1.519(6) 


02— C2 


1.466 (5) 


C18— 01 


1.470 (6) 


C2— C3 


1.492 (7) 


C18— C19 


1.512(7) 


C2— C13 


1.506 (7) 


CI 8— C29 


1.514(8) 


C3— C4 


1.526 (8) 


CI 9— C20 


1.514(8) 


C3— H3A 


0.9700 


C19— H19A 


0.9700 


C3— H3B 


0.9700 


C19— H19B 


0.9700 


C4— C5 


1.507 (8) 


C20— C21 


1.504 (8) 


C4— H4A 


0.9700 


C20— H20A 


0.9700 


C4— H4B 


0.9700 


C20— H20B 


0.9700 


C5— C6 


1.528 (7) 


C21— C22 


1.511 (7) 


C5— H5A 


0.9700 


C21— H21A 


0.9700 


C5— H5B 


0.9700 


C21— H21B 


0.9700 


C6— C14 


1.530 (6) 


C22— C31 


1.535 (8) 


C6— CI 5 


1.530 (7) 


C22— C23 


1.543 (6) 


C6— C7 


1.556 (6) 


C22— C30 


1.554 (7) 


C7— C8 


1.530(5) 


C23— C24 


1.530 (6) 


C7— H7 


0.9800 


C23— H23 


0.9800 


C8— C9 


1.489 (6) 


C24— C25 


1.464 (7) 


C8— C10 


1.514(6) 


C24— C26 


1.532 (7) 


C8— H8 


0.9800 


C24— H24 


0.9800 


C9— C10 


1.504 (7) 


C25— C26 


1.482 (9) 


C9— Brl 


1.922 (4) 


C25— Br4 


1.930 (5) 


C9— Br2 


1.933 (4) 


C25— Br3 


1.948 (5) 


C10— C16 


1.500 (7) 


C26— C32 


1.510(7) 


C10— Cll 


1.545 (6) 


C26— C27 


1.536 (7) 


Cll— C12 


1.551 (7) 


C27— C28 


1.531 (7) 
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Cll— H11A 
Cll— HUB 
C12— H12A 
C12— H12B 
C13— H13A 
C13— H13B 
C13— H13C 
C14— H14A 
C14— H14B 
C14— H14C 
C15— H15A 
C15— H15B 
C15— H15C 
C16— H16A 
C16— H16B 
C16— H16C 



0.9700 
0.9700 
0.9700 
0.9700 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 



C27- 
C27- 
C28- 
C28- 
C29- 
C29- 
C29- 
C30- 
C30- 
C30- 
C31- 
C31- 
C31- 
C32- 
C32- 
C32- 



-H27A 
-H27B 
-H28A 
-H28B 
-H29A 
-H29B 
-H29C 
-H30A 
-H30B 
-H30C 
-H31A 
-H31B 
-H31C 
-H32A 
-H32B 
-H32C 



0.9700 
0.9700 
0.9700 
0.9700 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 
0.9600 



02— CI— C2 
02— CI— C12 
C2— CI— C12 
02— CI— C7 
C2— CI— C7 
C12— CI— C7 
CI— 02— C2 
02— C2— C3 
02— C2— CI 
C3— C2— CI 
02— C2— C13 
C3— C2— C13 
CI— C2— C13 
C2— C3— C4 
C2— C3— H3A 
C4— C3— H3A 
C2— C3— H3B 
C4— C3— H3B 
H3A— C3— H3B 
C5— C4— C3 
C5— C4— H4A 
C3— C4— H4A 
C5— C4— H4B 
C3— C4— H4B 
H4A— C4— H4B 
C4— C5— C6 
C4— C5— H5A 
C6— C5— H5A 
C4— C5— H5B 
C6— C5— H5B 
H5A— C5— H5B 
C5— C6— C14 



59.4 (3) 

116.3 (4) 

120.7 (4) 
120.5 (4) 

123.8 (4) 
108.6(4) 

61.3 (3) 
116.8(4) 

59.4 (3) 
123.0 (4) 
114.9(4) 

111.4 (4) 

120.9 (5) 
118.7(4) 
107.6 
107.6 
107.6 
107.6 
107.1 
116.4 (4) 
108.2 
108.2 
108.2 
108.2 
107.4 
118.2(4) 
107.8 
107.8 
107.8 
107.8 
107.1 
110.0(4) 



01— C17— C18 
01— CI 7— C28 
CI 8— CI 7— C28 
01— CI 7— C23 
CI 8— CI 7— C23 
C28— CI 7— C23 
C17— C18— 01 
C17— C18— C19 
01— C18— C19 
CI 7— CI 8— C29 
01— CI 8— C29 
CI 9— CI 8— C29 
CI 8— CI 9— C20 
CI 8— CI 9— H19A 
C20— CI 9— H19A 
C18— C19— H19B 
C20— CI 9— H19B 
H19A— CI 9— H19B 
C21— C20— C19 
C21— C20— H20A 
CI 9— C20— H20A 
C21— C20— H20B 
CI 9— C20— H20B 
H20A— C20— H20B 
C20— C21— C22 
C20— C21— H21A 
C22— C21— H21A 
C20— C21— H21B 
C22— C21— H21B 
H21A— C21— H21B 
C21— C22— C31 
C21— C22— C23 



60.7 (3) 
116.2 (3) 
120.6 (4) 
120.1 (4) 

124.5 (4) 
107.8 (4) 
59.4 (3) 

123.6 (4) 
114.6(4) 
120.6 (5) 
114.0(5) 
112.5 (5) 
118.9(4) 
107.6 
107.6 
107.6 
107.6 
107.0 
116.6(4) 
108.1 
108.1 
108.1 
108.1 
107.3 

118.5 (4) 
107.7 
107.7 
107.7 
107.7 
107.1 

108.6 (4) 
114.8(4) 
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PC p /_ PIC 

C5 — Co — C15 


1 AT O / A \ 

107.8 (4) 


p i ,1 p /_ pi c 

C14 — Co — C15 


1 AT O / /I \ 

107.2 (4) 


C5 — Co — C7 


11C "> t A \ 

115.3 (4) 


C14 — Co — C7 


1 A A 1 / /I \ 

109.2 (4) 


p i r p / p -7 

C 1 5 — Co — C7 


1 A/T A / A \ 

106.9 (4) 


p 1 inn p 0 

CI — C7 — C8 


104.2 (4) 


p 1 PO" f ' /: 

LI — C7 — Co 


122.6 (4) 


Co — C7 — Co 


1 1 O T /"} \ 

113.7 (3) 


CI — C / — til 


1 A/1 A 

iu4.y 


/~\ 0 p^ in 

C8 — C7 — H7 


104.9 


p / /"in T T "7 

C6 — C7 — H7 


i" f\ A A 

104.9 


p r\ p 0 P 1 A 

C9 — C8 — CIO 


60.1 (3) 


PA p 0 f~^H 

C9 — Co — C / 


1 n C //I \ 

123.5 (4) 


/-II A p O PT 

CIO — Co — C7 


1 OA A //IS 

120.0 (4) 


PA 0 TTO 

C9 — C8 — H8 


114.2 


piA p 0 TTO 

CIO — C8 — H8 


1 1 A O 

114.2 


/^o tro 

C / — Co — Ho 


1 1 A O 

1 14.2 


r~"o r^(\ 1 a 

C8 — C9 — CIO 


^:a 0 /t\ 

60.8 (3) 


C8 — C9 — Brl 


121.6 (3) 


CIO — C9 — Brl 


120.2 (3) 


C8 — C9 — Br/ 


11Q O /T\ 

110.2 (3) 


C 1 0 — C9 — Br2 


1 1 A *7 n\ 

119.7 (3) 


■pi 1 pa r> 0 

Brl — C9 — Br2 


1 AA 1 /I \ 

109.3 (2) 


p 1 / p 1 n pa 

Clo — CIO — C9 


1 1 A C / A\ 

119.5 (4) 


Clo — C1U — Co 


11 0.0 (4) 


C9 — CIO — C8 


59.1 (3) 


Clo — CIO — Cll 


111 A / A \ 

112.4 (4) 


p l\ p \ (\ pi 1 

C9 — C 1 0 — C 1 1 


110 T / A\ 

118.7 (4) 


C8 — CIO — Cll 


110 O / A \ 

118.8 (4) 


CIO — Cll — Clz 


113.7 (4) 


pi A P11 TT11A 

CIO — Cll — HllA 


1 AO O 

108.8 


p 1 -\ P11 TT1 1 A 

C12 — Cll — HllA 


1 AO O 

108.8 


CIO — Cll — HUB 


1 AO O 

108.8 


Cl2 — Cll — HUB 


108.8 


T T 1 1 A P 11 T T 1 1 T* 

HllA — Cll — HUB 


107.7 


P1 P 1 O P11 

CI — C12 — Cll 


1 1 A 1 / A \ 

110.1 (4) 


C • 1 P 1 O TT1 T A 

C 1 — C 1 z — H 1 2 A 


1 AA £ 

109.6 


P 1 1 P 1 O Til T * 

Cll — C12 — H12A 


109.6 


P 1 P 11 T T 1 1 T""> 

CI — C12 — H12B 


109.6 


Cll — C12 — H12B 


1 AA £L 

109.6 


iti T A /~< 1 1 tti in 

H12A — C12 — H12B 


1 AO 1 

108.2 


P O P 1 ") TT1 T A 

C2 — CI 3 — H13A 


109.5 


p <-i Pi*) t t 1 0 n 

C2 — C 1 3 — H 1 3 B 


1 AA C 

109.5 


H13A — C13— H13B 


109.5 


C2— C13— H13C 


109.5 


H13A— C13— H13C 


109.5 


H13B— C13— H13C 


109.5 


C6— CI 4— H14A 


109.5 


C6— CI 4— H14B 


109.5 



p -> 1 pn PT> 

C J 1 — Czz — Czi 


1 AT C / A \ 

107.5 (4) 


PT1 p -> -> PTA 

Czl — Czz — C30 


1 1 A 1 {A \ 

11U.1 (4) 


PO 1 PH POA 

C31 — C22 — C30 


1 AT T / A \ 

107.7 (4) 


pn p -> -> p")a 

C23 — Czz — C3 0 


1 AT A / A\ 

107.9 (4) 


p 1 -7 PT) /-" ' O /I 

C 1 7 — Czi — Cz4 


1 A A O i A\ 

104.2 (4) 


P1T PT) PH 

C 1 7 — C23 — C22 


IOO /~ / A \ 

122.6 (4) 


p ^) /l z-'T) POO 

C24 — C23 — C22 


IIOO /o\ 

113.3 (3) 


p 1 —1 PT5 TTT) 

C 1 7 — C23 — H23 


1 AC 1 

105.1 


p O /I POO TTOT 

C24 — C23 — H23 


1 AC 1 

105.1 


POO POI TTOO 

C22 — C23 — H23 


105.1 


POC PO A PO") 

C25 — C24 — C23 


1 O A A / A \ 

124.0 (4) 


f "~) C p O /I POjC 

C25 — C24 — C26 


C A O / A\ 

59.2 (4) 


PT) po A p O /_ 

C23 — C24 — C26 


1 1 A T / A \ 

119.7 (4) 


Plf PO /I TTI /I 

C25 — C24 — H24 


114.3 


POO PO A TTO/1 

C23 — C24 — H24 


114.3 


(~ ' "\ /_ po /I TTI /I 

C26 — C24 — H24 


1 1 /I O 

114.3 


p O /l PO C PO 

Cz4 — C2j — Czo 


/:o t /i\ 
62. / (3) 


PO A POC T~i A 

L24 — C25 — Br4 


IOO 1 / A \ 

122.1 (4) 


PO/^ POC T~l A 

C26 — C25 — Br4 


1 O A A / A \ 

120.0 (4) 


C ' ~\ A POC T>~0 

C24 — C25 — Br3 


1 1 T /I /O \ 

117.4 (3) 


p 0 /: poc d«o 

Cz6 — Czj — br3 


1 1 A /A \ 

119.6 (4) 


T") „ 1 POC T>— O 

br4 — C25 — bri 


1 AO O /") S 

108.8 (3) 


POC PO/" POO 

C25 — C26 — C32 


119.8 (5) 


PTC PO/T p O /I 

C25 — C26 — C24 


CO 1 / A \ 

58.1 (4) 


Poi po/: po a 

C32 — C26 — C24 


in r t A\ 

117.6 (4) 


POC PO/" POT 

C25 — C26 — C27 


1 O A O i C\ 

120.2 (5) 


POO PO/' POT 

C32 — C26 — C27 


113.1 (5) 


/ • ~\ a po/: pn 

C24 — C26 — C27 


1 1 T //I A 

117.4 (4) 


poo poo" p ^ /■ 

C2o — C27 — C26 


1 1 / 1 / A\ 

116.1 (4) 


POO POT TTOT A 

C28 — C27 — H27A 


108.3 


PO/' POT TTOT A 

C26 — C27 — H27A 


108.3 


POO POT TTOTTJ 

C28 — C27 — H27b 


1 AO T 

108.3 


PI/ POT TTOTTJ 

C26 — C27 — H27b 


1 AO O 

108.3 


TTOT A POT TTOTT* 

H27A — C27 — H27B 


107.4 


P1T POO POT 

C17 — C28 — C27 


1 AA A / A \ 

109.9 (4) 


p 1 -7 POO TTO O A 

C 1 7 — C28 — H28 A 


1 AA T 

109.7 


POT POO TTOO A 

C27 — C28 — H28A 


1 AA T 

109.7 


p 1 t p 0 0 tto on 

C17 — C28 — H28B 


109.7 


P O T PO 0 TTO on 

C27 — C28 — H28B 


109.7 


H28A — C28 — H28B 


1 AO O 

108.2 


pin pin inn 1 

C 1 8 — C29 — H29A 


1 AA C 

109.5 


P1 O POA TTOAT) 

CI 8 — C29 — H29B 


109.5 


TTOA A POA T TO An 

H29A — C29 — H29B 


1 AA C 

109.5 


CI 8— C29— H29C 


109.5 


H29A— C29— H29C 


109.5 


H29B— C29— H29C 


109.5 


C22— C30— H30A 


109.5 


C22— C30— H30B 


109.5 


H30A— C30— H30B 


109.5 
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TT1 A A 1 A TT1 A T~> 

H 1 4 A — L 1 4 — H 1 4B 


109.5 


Co — C 1 4 — H 1 4C 


109.5 


T T 1 /I A A < 1 A in /ir 1 

H14A — C14 — H14C 


109.5 


TT1 A r~> /"< 1 /I TT1 A /"< 

H14B — C14 — H14C 


1 f\C\ c 

109.5 


Co — L 1 5 — HI 5 A 


109.5 


Co — C15 — H15B 


109.5 


TTI f » f~A 1 r TTI f I - ") 

HI 5 A — C15 — H15B 


109.5 


C6 — C15 — H15C 


109.5 


TTI C A pi f TTI f /n 

H 1 5 A — L 1 5 — H 1 5 C 


109.5 


TTI f I - ") f ' 1 C TTI f y~1 

H15B — C15 — H15C 


109.5 


CIO— C16 — H16A 


109.5 


CIO— C16— H16B 


109.5 


H16A— CI 6— H16B 


109.5 


CIO— C16— H16C 


109.5 


H16A— CI 6— H16C 


109.5 


H16B— CI 6— H16C 


109.5 



C22 — C3 0 — H3 0C 


109.5 


H30A — C30 — H30C 


109.5 


TTO AT» /" ' -> *-i TTO t\i~* 

H30B — C30 — H30C 


109.5 


/~i O O 11 T TO 1 A 

C22 — C3 1 — H3 1 A 


109.5 


/~1 ^ ^ j~< i -1 tti i r-> 

C22 — C3 1 — H3 IB 


109.5 


TT^ 1 A /~1 T 1 T TO 1 T» 

H31A — C3l — H31B 


109.5 


C22 — C3 1 — H3 1C 


109.5 


T TO 1 A /""lO 1 TTI 1 /~1 

H31A — C31 — H31C 


109.5 


T TO 1 T> /" ' o 1 T TO 1 /™1 

H31B — C31 — H31C 


109.5 


C26 — C32 — H32A 


109.5 


C26 — C32 — H32B 


109.5 


H32A— C32— H32B 


109.5 


C26— C32— H32C 


109.5 


H32A— C32— H32C 


109.5 


H32B— C32— H32C 


109.5 


Cl7— Ol— Cl8 


60.0 (3) 
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